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S.UMMARY OF AEROLOGICAL OBSERVATIONS OBTAINED BY MEANS OF KITES,
' AIRPLANES, AND SOUNDING BALLOONS IN THE UNITED STATES

By Cuarres M. LENNAHAN

[Weather Bureau, Washington, D. C.]

. ‘ INTRODUCTION
011'1;-111115 Publication is largely a compilation of data based
obsey of the free-air temperature, pressure, and humidity
ble tVatlons made in the United States which were availa-
ung e° the Weather Bureau and which could be included
Toger. the adopted plan of presentation. The primary
t(ixn which led to this compilation was the urgent request
® part of the aeronautical industry and others for
Sop d.‘;‘épresgntative of average and extreme meteorological
The‘l iohs In the upper tro?osphere and substratosphere.
tate dP in of presentation of the data was, therefore, dic-
digg, to a large extent by the desire to fulfill the imme-
® Deeds of the aviation industry in planning for high-

Fig
URE 1“"‘:}N'le'al)hical locations of the 55 stations where the observations were
. made. Numbers correspond to those given in table 1. .

eteode flying and at the same time to fulfill the needs of
at; Yologists, so far as practicable, with the limited
~meiel at hand.
m&rye Stations where the observations used in this sum-
1°°&ti Were made are given in table 1. Their geographical
adeon 18 shown in figure 1. The t{pes_ of observations
tah]q 8t the different stations are also indicated in_the
8 together with the dates of the periods during which
pr&eti Odings were made. The airplane flights were made
org »cfally every day at the same time, but the kite flights
Yy so ‘ten delayed until late in the day, and frequently
O ung 1mPOSSIbYe to get a sounding because of light wind
Hopg .2vorable weather.. The sounding-balloon observa-
lP:tho‘;m?e made at periods designated in advance, except
Styq.: C stances when a particular type of meteorological

Obser 190 Wag bein investigated. In the latter case the
Tverg

tongi,or8 had to bide their time and wait for the desired

Ihent:’\dat& published herein include four primary ele-

TWO 86 t'mnlwra'oure, pressure, humidity, and density.

Deraturconda,ry elements are also included—extreme tem-
©® and minimum pressure.

1§

The observations were made at 55 different places, dis-
tributed over the entire country, but 43 of them are east
of 100° W. longitude. Sounding-balloon observations
were made at 29 different stations and numbered in all
somewhat over 550. The kite and airplane observations
are very numerous, the former having been made at 9

TaBLE 1.—Slations at which aerological observations were made

Number

. . Type of
No. Station of yous Perlod observa-
record tions
1| Amarilio, Tex.2... B3
2 | Atlanta, Ga 1 {1932-93. cooeee A
3 | Avalon, Calif. ..| Summer 1913..._..... B
4 | Barksdale Field, La. (Shreveport).. .. 1936-36. ..o A
5 | Billings, Mont 2 | 1934-36... . A
6 | Blue Hill, Milton, Mass_....cccueanne 10 | 1894-1903 K
7 | Boston, Mass 4 | 1932-36. A
8 | Broken Arrow, Okla_______ R 1214 1919-31. . BK
9 | Cheyenne, Wy0. . ceromcocacmmunnmon= 1934-36...
10 { Chicago, Ill — 2 | 193133 e
11 | Cincinnati, Ohio2.... m——
12 | Cleveland, Ohio. cecomeoococunvnnn- 3 | 1931-34 oo aeamnas
13 | Columbia, Mo.l [N R,
14 | Concordia, Kansd.......... Y
15 | Dallas, Tex.t 9 | 193134 e B

16 | Davenport, Iowa ?
17 | Denver, Colo.1 2
18 | Drexel, Nebr. 11
19 | Due West, 8. C. oo en 11
20 | Ellendale, N. DakK. w.ueeviurceuunnnns
21 | El Paso, Tex

22 | Fargo, N. Dak
23 | QGalveston, Tex.
24 | Qroesbeck, Tex.
25 | Huron, S. Dak..

@

=]

26 | Indianapolis, Ind.
27 | Lakshurst, N.
28 | Leesburg, Ga......
29 | Little Rock, Ark1?

30 | Los Angeles, Calif.l_ .. ooeoeoeane
31 | Maxwell Field, Ala. (Montgomery)l._}
32 | Mitchell Field, N. Y. (New York)....
33 | Mt. Weather, V8. . comeomrnacacanes
34 | Murfreesboro, Tenn.!? (Nashville)....
35 | New Orleans, La.l.
36 | Norfolk, V8. cocienaammenmmnanencnaes

w

w ,
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87 | Oklahoma Qity, Okla.l.._..... BA
38 | Omsaha, Nebr.. «.ceanmaamcnceae BA
99 | Pembing, N. Dak .cucevucarnane BA
40 | Pensacola, Fla A
41 | Philadelphia, Pa..eeeucrccomnmnanaacas A
42 | Pittsfield, Mass B
43 | Roswell, N. Mex.l__c.ccrvmmaannnnnnnn B
44 | Royal Center, Ind. . BK
45 | San Antonlo, Tex.t ... A
46 | San Diego, Calif. ... ... A
47 | Secott Tield, Ill. (St. Louis)i. BA
48 | Senttls, Wash. . _. . oo e A
49 | Sellridée Field, Mich. (Detroit)....... A
50 | Sioux City, Iowa 1. B
51 | Spokane, Wash... A
52| Sunnyvale, Calif . .. .. ... _. A
53 | Vicksburg, Miss.A 4 oo cicena. B
5 Washlnigon, o 7 o A
55 | Wright Field, Ohio (Dayton)......_.. A

1 Decomber 1027 and February 1928. )
1 December 10290 and January 1930. .
8 B=balloon sounding, X =kite observation, A=airplane observation.

stations and the latter at 30 others. However, Leesburg,
Ga., and Blue Hill Observatory, Milton, Mass., have made
but a comparatively small number of kite flights, and
some ‘stations have a record of airplane observations ex-
tending over on1¥ 1 year. The kite and airplane stations
are mutually exclusive, but the sounding-batloon stations



include some stations of the kite and airplane groups.
Sounding balloons were sent up at four of the kite stations
and at eight of the airplane group. Also, a few limited-
height sounding-balloon ascensions were made at the kite
stations in }ilace of the regular kite flights.

At several stations where there were but few data these
were combined with the more numerous data of a nearby
station. Thus the data obtained at Fort Worth, Mont-
gomery, Nashville, and St. Louis were combined with the
data for Dallas, Maxwell Field, Murfreesboro, and Scott
Field, respectively. It is to be noted that Drexel and
Omaha are published separately. This was done because
of the relatively long period of observation at each station
and the different periods of observation.

" Thirteen stations have records with observations during
at least one season, extending over a period of 5 years.
Seven of these are kite stations and six of them are airplane
stations. Of the other 26 airplane and kite stations 20
have only 2 years or less of record. A few in the airplane
group have a record of less than 1 year. The 16 stations
having only sounding-balloon records have observations
ranging in number from 1 to 16. Most of the latter are of
interest as individual observations rather than as aggrega-
tions yielding representative means.

The temperature data are presented in the form of
seasonal mean curves, in seasonal longitudinal eross-
sections, in tabular form, and for the region up to 5 km on
standard level maps.

The Iiressure and humidity data are shown by means of
seasonal mean curves, in tabular form, and for the first 5
kilometers in the form of standard level maps.

The density values are presented in the form of curves
and tables for only the seven stations in the central part
of the country. Density is not further considered.

The temperature extremes are shown for the seven
central stations on the same graph with the seasonal
mean-temperature curves. For the other stations they
are shown in tabular form only. Inthe tables the extremes
are listed among the temperature data for the winter
season, with six exceptions; five of these are with the
summer data and one is with the autumn data.

The minimum pressures are shown by means of two
curves, each with different assumed surface conditions
and an assumed lapse-rate.

The observations were not made at corresponding

eriods at all stations. Some of the soundings were made
n the early days of aerology: Blue Hill in 1903-6, Mount
Weather 1907-12, and others during various periods
throughout the subsequent 25 years. Practically all of
the available observations were used but in those cases

where two or more soundings were made on the same

calendar day only one observation was used. For this
reason only about 75 percent of the Polar-Year observa-
tions, August 1932-August 1933, were used. The fact
that the times and places of the observations are at such
variance tends to vitiate the results of any attempt to
combine them into a homogeneous whole. For seven
stations in the central part of the United States during all
four seasons the number of observations is sufficient to
give fair mean values up to 15 km. With regard to the
other stations having sounding-balloon records, the obser-
vations are too few to give a mean value that can be
considered truly representative. The means, for those
stations having kite data, are considered reliable up to 4
km; and those for the airplane stations, on the whole, are
considered to be reliable up to 5 km, but, because some of
the periods of record are for only 1 year, the mean value
may be affected by the abnormality of the year.

It is desired to call attention to the fact that the dat®
in the previous summary,' published in 1922, are in vely
good agreement with those presented here. The prevlé V
ously published curves of the various elements plotted
against height follow closely those in the present public®
tion. The maps for the standard levels, upon which wer®
plotted the seasonal mean values of pressure, temperatu® -
and relative humidity for winter and summer, althoug®
they were necessarily greatly smoothed, are in remarka )
agreement with the corresponding isograms shown in t
summary, which are only slightly smoothed. )

This summary has been compiled in an attempt to givé"
with the available material, some idea as to how the S‘?Vl;
eral meteorological elements vary with height and wit!
the season of the year. L

t

DATA

The material consists of data obtained by means of
sounding-balloon, kite, and airplane observations. Thes®
observations were made as stated in the introductio®
page 2. The balloon soundings were usually made a8 %
part of a predetermined program. Some of these we™
made on days or during months designated by the Inter"
national Aerological Commission; others were part of pr%
posed investigations initiated by the United Stﬁwa
Weather Bureau. In this latter class are the series ¢
observations made at 12 stations in 1927-28, at 10 st¥
tions in 1929-30, and at other places in earlier years. Iﬂ
the former class are those made at Broken Arrow, Groesz_ ~
beck, Royal Center, Omaha, Dallas, Ellendale, and Pe
bina. The observations in a series were usually m&df'
once a day. In the Polar Year 1932-33, however, obsé”
vations were made in groups of three ascensions with tW0-
groups each month, each of the three ascensions beitf
6 hours apart. That is, three observations were made ™
approximately 12 hours; however, not all three observ® -
tions were used in this summary. In determ'minﬁ ho 1
many and which observations to use, the rule follow®®
was: If the choice was between the 8 a. m. and the no%,
observations, or between the noon and the midnlghr6 :
observations, the higher one was chosen, but if all tl?fet
observations were available, the 8 a. m. and the midnigh ,
ascensions were both used, because the midnight ascene
was always made in the calendar day following that of the.
8 a. m. sounding. 1o

The temperature records are available for all of b eﬂfl‘
observations, hence the number of temperature v ‘;n .
used to obtain the means is in several cases greater t2%
the number of values used for the means of the other 9199 :
ments. However, in the data for Maxwell Field there or pi
fewer observations of temperature than of pressure &
humidity for July 1935. v

The temperature values in the Polar Year observatid i
have been corrected on the basis of an insolation e
determined in a study by Ballard.? o

The pressure data consist of & somewhat smaller nu bue‘?
of observations than do those of temperature. This is d o
partly to the fact that a monthly summary of presﬁuf,{;;
data was made for the kite stations for the first 2 yeﬁl’?‘rezv
operation only and partly to the fact that pressures W:dg
not included in the published date of observations >y
at Blue Hill, nor for those made at St. Louis (1904
under the direction of the Blue Hill Observatory. 5

In like manner, the humidity data are less num5r°,;;;~g’f

! W. R, Grege, An Aerologleal Survey of the United States, Part I. Resultsof 0P, /-
tions by Means of Kites, MONTHLY WEATHER REVIEW Supplement 20, 1922. aﬂ"”‘ :

1 8ome Results of Sounding-Balloon Observations During the Second Intef’hﬂﬂ’
Polar Year August 1032 to August 1933, inclusive. J. O. Bailard, MONTELY W
REVIEW, February 1034, 62: 45-53, '



glgt? those of temperature. This condition is due to the
Som, that the humidity element of the meteorograph was
eaﬂetlma faulty and also to the fact that some of the
2o }f’ Obsqrvatlons were made with meteorographs having
umidity element.
tio, e density data were computed for only seven sta-
S0p, S, and not for all seasons at these seven. Only those
&V:i(lms were used for which stratosphere soundings were
cor, d.&ble for the station.. Densities were computed ac-
logi Ing to the formula given in the “Smithsonian Meteoro-
fmncl‘ﬂ Tables.” * One constant was altered somewhat
Ple the value given in the tables: The value of the com-
s;llent of the density of water vapor used was 0.377
of oad of 0,378, as given in the tables ¢; the average value
tal] ¢ density of water vapor as determined experimen-
0011? 18 0.623 rather than 0.622. The density values were
Neg Puted chiefly for the convenience of aeronautical engi-
Trﬁ and others interested in aviation.
tom © extreme temperatures are the lowest and highest
'l‘hepemtures at the standard levels above each station.
casese»values are published for levels up to 12 km in some
o 18, &lthqugh for most of the stations they are given for
h&veVels higher than 5 km. These are not values which
intee been observed at the significant levels, but are the
are i‘golated values at the standard levels; that is, they
h, @ values taken from the temperature-height curve.
asey © minimum pressures were obtained by arbitrarily
extrmlng surface and upper-air conditions of a sufficiently
deme nature to give pressures for the standard levels of
all; V(V)ecr value than could be reasonably expected to actu-
cur,

PROCEDURE

of Ehe mean temperatures were determined by the method

erences, that is, by totaling the sums of the differ-
es:.S of temperature between corresponding pairs of suc-
Teg Ve standard levels and dividing this total by the cor-
qu&?ndmg number of observations for the season. The
turg lgnt was taken to be the mean difference of tempera-
bure etween the two levels. The mean surface tempera-
Dery, Q’V a8 obtained by dividing the sum of the surface tem-
Sgp. ures by the total number of observations. To this
ca]]. Onal mean surface temperature was added algebrai-
that thQ mean difference of the next higher level to obtain
for mgan temFerature of that level, and so on successively
tentia‘ch level. The computations were carried out to

WS Of & degree, centigrade. o
to}, ® method of differences was used because it is thought

.’ Somewhat more reliable than simple arithmetic aver-
:ﬁlﬁg When the number of observations decreases with
sphellfde-5 This undoubtedly holds true for the tropo-
q“estg’ but in the region of variation of the tropopause a
of th, lon of applicability arises. However, since but few
ling, , oUndings failed to extend to the 15-km level, and
log) the difference method is known to hold above that
Rpp};, the method, for the purpose of this summary, is
cable throughout the atmosphere.
ang tﬁ fow Polar-Year soundings where both the 8 a. m.
Rogp ﬂ?‘nudmghf: observations were used and where the
loe. 8ht was higher than either or both of them, if the
Ugeq 2SCension reached 10 km, the lapse-rate for noon was
trge, 0 Supply values for the missing levels. This arbi-
Dy aghrocedure was followed in only three instances:
bep 10 °f9‘§;gust 25 and Omaha on August 25 and Novem-

'

Sy,
d:koc‘.;:,??_"“;ﬂ]xﬁteorological Tables, 5th Revised Edition, 1031, p. Ixxx.
o Fl‘el:ﬂe{' “Kritische Bemerkungen zur Differenzenmethode”, Beitrége zur Physik
mosphiire XXI Band, Heft 3, 1034, pp, 269-282,

The pressure and humidity seasonal mean values were
determined in the same manner as were the temperature
values. These two elements were computed to whole
millibars and to integral values of percentage, respectively.
For the surface and for the first level above the surface,
however, the mean pressure is given to tenths of a millibar.

It should be noted that the seasonal mean values of
temperature and humidity for Blue Hill are the arithmetic
means of the published monthly mean values. The same
is trup in the case of Mount Weather for pressure and
humidity.

The c{ensity values were determined by inserting the
mean values of temperature, pressure, and relative
humidity for the various levels in the formula referred to
on page 3. The actual computation of the values was
carried out by using the equivalent formula:

. 0.3477
P=5T05+1

where p is the density in kg/m? ¢ is the seasonal mean
temperature for the level in °C, B is the seasonal mean
barometric pressure in mb, and e is the vapor pressure
determined from the seasonal mean values of humidity
and temperature. - The densities were evaluated to the
third decimal place in kg/m® and then converted into
1bs/ft® to four places.

The extreme temperatures were determined by takinﬁ
the highest temperature, at the standard levels, of a
individual soundings. In some cases the number of
observations is considered too small to yield representative:
extremes. Therefore, 16 stations were eliminated from
the class for which extremes are published. None of the
39 stations has less than 10 observations. Ten observa-
tions are too few to indicate either the full range of tem-
perature or the month in which to expect an extreme
temperature. The extremes are published accordingly
with these qualifications in mind.

The extreme pressures were obtained by arbitrary
methods. The lowest sea-level pressure observed in the
United States, 26.35 inches, occurred on the Florida Keys
during the hurricane of September 1935.° Therefore, it
was assumed that the surface pressure of a station at sea
level is 27.00 inches (914.3 mb.) and the surface tempera-
ture 50° F. (10° C.) with a dry adiabatic lapse-rate up to
the point where the temperature reaches —90° C. From
this point upward to 12 km an isothermal lapse-rate was
assumed. X second situation was assumed in which the
surface pressure was taken as 29.00 inches (982.1 mb.) and
the surface temperature as 10° F. (—12.2° C.), with the
same assumptions as to lapse-rate as in the first case. On
the basis of these assumptions, curves were constructed
using values obtained from the adiabatic chart; these
values were checked by an algebraic formula 7 for several
points up to the isothermal region. :

(B—0.377¢),

DISCUBSION

The seasonal changes in mean temperature in the tropo-
sphere (fig. 2-8) seem to be more pronounced between
an intermediate season and the following extreme season
than between an extreme season and the following inter-
mediate one. That is, the temperature increase is greater
from spring to summer than it is from winter to spring;
also, the decrease is greater from autumn to winter than
it is from summer to autumn. That the mean tempera-

8 W, F. McDonald, The Lowest Barometer Reading in the Fh;.i@%a Keys Storm of

September 2, 1035, MONTHLY WEATHER REVIEW, October 1035, 83: 208.
Handbook of Aeronautics, Gale and Polden, Ltd., London 1931, p. 568,
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ture for spring is undoubtedly lower than the mean tem-
perature of autumn, is shown in the seven graphs and is
shown also in the tabular data for the other stations.

There seems.to be a singular condition in the winter
lapse-rate for Dallas. The lapse-rate has a smaller value
above 6 km than would be expected from a consideration
of the other stations, and as a result the winter mean tem-
peratures for Dallas at high levels are warmer than the
spring mean temperatures at corresponding levels. This
irregularity may be explained as the result of the decrease
in the number of observations from 251 at 5 km. to 8 at
6 km with rather small lapse-rates in the eight observa-
tions at 6, 7, and 8 km. Somewhat the same situation
exists in the data for San Antonio (table 3), but in the
opposite sense—the lapse-rate for spring is too great.
These data indicate that the order of the seasons from
cold to warm is winter, spring, autumn, summer, and this
order holds up to about 10 km. Above 10 km the strato-
sphere complicates matters and the mean temperatures
lose their - characteristic surface order and assume, in
some cases, the reverse order. That i3, winter becomes
the warmest season, with spring, autumn, and summer
in order of warm to cold.

At three of the stations the tropopause is lowest and
warmest in winter, while at the other two stations for
which the records of the other seasons are available, spring
is the lowest and warmest. It necessarily follows that
the lowest tropopause carries with it a relatively warm
stratosphere by virture of the definition of “stratosphere’’;
but the season of highest tropopause is not necessarily
the season of coldest stratosphere. Steep inversions at the
base of the stratosphere often exist with a high tropopause
and a consequent high temperature in the stratosphere.
In the four instances, where there are representative
records for summer in the stratosphere, the tropopause is
highest but not coldest in all cases.

In all seven cases for which curves were plotted the
minima in the troposphere depart further from the mean
values than do the maxima; in the stratosphere, on the
other hand, the divergence is as often greater with one
extreme as with the other. However, the number of ob-
servations in the stratosphere is so small that reliable
extreme values are not yet ascertainable.

The curves and the longitudinal sections (figs. 24-27)
indicate that the tropopause is higher for all seasons at the
southern than at the northern stations. This difference
in height of the tropopause seems to be most noticeable in
winter and least in summer. The tropopause seems also
to be definitely highest in summer and, for stations north
of latitude 38° N., lowest during winter.

The latitudinal temperature gradient is, of course,

greatest in the winter and smallest in the summer. This
relation holds for all altitudes up to the tropopause. In
the stratosphere, however, the temperature gradient is
reversed, that is, for any given level the temperature in-
creases with increasing latitude. There is no level, how-
ever, at which the latitudinal temperature gradient is zero
at every station, even though it changes sign. This is due
to the fact that the tropopause is higher in the south than
it is in the north. Thus for any level which is lower than
the level of the tropopause in the south and higher than
the tropopause in the north, the temperature gradient
from south to north will be negative to the intersection
of that level with the tropopause and thereafter it will be
positive.

The slope of the tropopause from south to north seems
to be greatest in summer and least in autumn.

At the 1-km level during summer (fig. 29) there is a cold

body of air extending down into the Ohio, Tennessee, and
lower Mississippi Valleys. Whether this is due to an Uﬂi
usual year at Murfreesboro, or whether it is the normé
condition, is a question to which the answer can be suP”
plied only when more observations are available.
condition prevails up through the 5-km level during th®
sumimer season. .

Just to the west of this cool region there is a warm strlf
extending up through Texas into southern Iowa. |
warm area is very likely due to the prevailing south &2
southwesterly winds ® over the area. It is most pro
nounced in the first 2 kilometers.

There is also a relatively cool area indicated in northefﬁ;
Florida and in the southeastern sections of Georgia &
South Carolina. This may be due to the prevailiB
winds from the southeast over this area bringing in ¢
cool air from the ocean and from the high pressure ared
to the east. This cool area is present only in the first
kilometers. J

Spring (fig. 28) is cooler than autumn (fig. 30) in
cases at least up to 5 km, except at the surface at Atlant?
El Paso, Montgomery, Murfreesboro, and Spokane, 8>
at 1 km over Atlanta.

The cool and the warm areas of the summer season 8¢
not so pronounced on the maps for autumn (fig. 30). The
warm section, which extended from Texas up to low#
summer, is much smaller in autumn and is displaced €02
siderably to the eastward; it is centered over souther
Louisiana and extends northward to central Arkansas ¥
the first km. At the higher elevations it is located to the
southwestward over southeastern Texas. The cool aré?
seems to have been displaced eastward and the wave
the isotherms is of much smaller amplitude than W
evident in summer. .

The winter maps (fig. 31) show that the warm areﬁlg
confined solely to the Ggulf and south Atlantic coasts. TV
cool wave is smaller in amplitude, but a second wayve
apparent in Tennessee, Indiana, and lower Michigs®
This second wave may be due to the unobstructed gweel
of the cold masses of air moving south over central Can®
and across the Great Lakes. .

In spring the warm area again shows up strongly 19
eastern Texas, Louisiana, and Arkansas, where this Phea
nomenon is well shown at all five levels. The cold 8r¢
is not very pronounced at the 1 km and the 2 km lev®”
{)utlit is rather well defined at the 8-, 4-, and 5~
evels. '
The pressure curves (figs. 9-15) show that the me”:.l
pressure at the surface is greater in winter than in summ® o
This is corroborated by the tabular data for the ol
stations for which data are available for both seasong’
with the exception of Boston, El Paso, and Cheyets
However, at 1 km above the surface the summer ¢
pressure becomes greater than the winter mean pressur
and remains greater in all cases, at least up through 5 X &f
with the exception of Cleveland, Oklahoma City, Phil
delphia, San Diego, and Wright Field. 40

The intermediate seasons (spring and autumn) hﬂti’
mean values between those of summer and winter for 9114
tudes below 15 km. In the cases of Ellendale, abovﬁmﬂ
km, and Dallas, above 19 km, the mean values for auf Iy
become lower than those for winter, but this is very ‘il,,
due to singularities in the autumn soundings. At Or-n?gef
the highest mean pressures at altitudes of 19 km and big”
occur in autumn. The mean pressures in spring are 10 P
than those in autumn with the exception of the levels

g
# An Aerologleal Survey of the United States, W. R. Gregg, Part II, MoV
WEATHER REVIEW SUPPLEMENT No. 26, 1026,
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to . . .
Di:nd Including 3 km at Pembina, of the surface at San
Tio’ and of the levels above 12 km at Ellendale.
at the greatest annual amplitude in the mean pressures is
Beeme approximate mean altitude of the tropopause and
Bentesdto be of the order of 25 mb. Of the cases here pre-
gy the greatest difference is the 32 mb between sum-
30d winter mean pressures at 8 and 9 km at Ellendale.
appears to be a trough of low pressure (figs. 32-35)
Soaggy 8 down through Wisconsin and Illinois in all four
palacﬁ and a similar one just to the west of the Ap-
dofings 4ns. The trough in the central United States
]"Vel tely extends all the way to the Gulf at the 1-km
ng r%“ autumn and winter, but it is somewhat obscured
to %mg and summer, and the one to the east extends only
adi:rth- Carolina in all four seasons. The pressure
also %, in the main, is from south to north; but there are
especiaSI}?'tO-Weg.t and west-to-east gradients in some cases,
hoye 4lly at high levels. Only in summer and autumn,
lﬂli.mﬂer , 18 a north-to-south gradient indicated, and this
of hjghed to the Gulf coast. There seem to be two centers
Othey . bressure—one off the south Atlantic coast and the
fargy, off the Gulf coast. The Atlentic HIGH extends
suresefit Inlanid and farthest north, with the highest pres-
Woalkg élljlng summer; in spring, on the other hand, it is
Stropge, [ Pressure and extent. The Gulf HicH is also
anq peSt and farthest west in summer, and is weakest
Arthest east in spring.
ti&nyet}(lhstnbution of pressure at the 2-km level is essen-
dj_ﬁere @ same as at the 1-km level. The one noticeable
Over tﬁce 18 the increase in the pressure gradient at 2 km
iffape 8 at 1 km. In the southern United States this
byg 3 Nee ig not so pronounced in summer and autumn,
rem&inlds very evident during winter and spring; over the
Rerjg; er of the country considered (east of the 100th
e&n) the difference is very noticeable in all seasons.
the S5 Pressure distribution at 3 km is again very much
Wpogpe 0,28 8t 1 and 2 km. A north-to-south gradient

Gy coa:: this level in the summer and autumn along the

A .
8 af-, %hkm the general distribution of pressure is the same

digny, de ower levels with the continued north-south gra-
ey le:?lng summer and autumn, as was shown at the

- Thep
®Xtendiy

8t 3 o PTessure distribution at 5 km is much the same as
N Summ4 , Including the north-south pressure gradient
Togulagly " 20d autumn. The pressure gradient increases
Stagpe, 7, With increase in altitude, and as a whole, is
. The ﬁt 5 km than at any of the lower levels. .
dicatq Bmldlty curves (figs. 2-8) for the seven stations
Valyeg a hat for the first 5 km the mean relative humidity
Ry othe:e gher in summer for the southern stations than
Olnaha Seasons. For the northern stations, that is,
ceyp d&‘}d those north of Omaha, the higher humidities
Vary mo;'mi the winter. The curves for Royal Center
Eeneral tlel than do the curves for the other stations, In
he bet“:e‘ 8 mean humidity values for spring and autumn
1 imigiy #0 the summer and winter values. The values of
0, g;ca.n be relied upon in summer only to about
ﬁlmudes ¢ In winter only to about 8 km. Above these
umidimy he hygrometers record approximately the same
lo The m Up to the maximum height reached.
a hum?cll)is (figs. 36-39) for 1 km show that an area of
Uiygy g ty exists in the upper Mississip%i Valley in
Klllter angd lt.carneg over into autumn. However, 1n
“midity . Spring this region is characterized by high
Wity In the first two levels. In summer the hi%ll;
Wingey an, Teglon is that of the Southeastern States.

67707ifpnng New England is a region of high hu-
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midity. The Southern States in winter, on the whole, have
low humidity values, and in the spring the values are lower
than during summer and autumn, although not so low as
in winter.

At the 2-km level the distribution of the relative hu-
midity values is much the same as at 1 km, except that in
autumn there is an area of low humidity over southern
Louisiana and southeastern Texas, as indicated by the
data for Galveston. Also, in spring the mean value at
Pensacola leads to an area of higher humidity on the Gulf
coast,

The distribution at 3 km is practically the same at all
seasons as at 2 km, except that during winter an area of low
values is evident in the upper Mississippi Valley and the
Lake Region, and persists through spring, as shown by
the value at Detroit. The area of low humidity at 2 km
over Galveston is emphasized at 3 km, having the support
of an additional station in both summer and autumn.
Murfreesboro shows high humidity in both winter and
spring.

At 4 km the main difference in summer is the great
extension of the low-humidity area, which was confined
to the upper Mississippi Valley and New England at the
lower levels. This area at 4 km covers the entire northern
United States, with the lowest values being indicated in
New York and New England. This low humidity area
persists into the autumn season, but in a modified form.
The 4-km level in winter and spring is much the same as
the 3-km level.

In the distribution at 5 km a closed area of higher hu-
midity is evident over the northern part of the Gulf States
and southern Arkansas and southern Tennessee. The
other seasons show no decided change at the 5-km level
from the 4-km level.

The density curves (figs. 16-22) vary with consistent
regularity, with the exception of the curve for the winter
mean density at Dallas where the irregularity is un-
doubtedlgldue to the singularity of the temperature values
during this season. The temperatures are affected, as
was pointed out on page 18. The density is greatest at
the surface during winter and least during summer; and
in spring the density at the surface is consistently higher
than in autumn at all stations. This order gsists up to
the “level of constant density’”® at about 8 km, at which
level it is reversed—summer having the greatest density
with autumn, spring, and winter in order of decreasing
density. To this pattern, however, the density values at
Dallas do not conform. The variation of density with the
season seems to be smaller at Omaha and Dallas at 12
km than at Ellendale, Royal Center, and St. Louis. In
the case of Omaha, this may be due to the greater number
of observations available. At Dallas it may be due to the
fact that the station is in a relatively low latitude where .
the tropopause is relatively high.

The extreme temperatures (figs. 2-8) for the year at the
seven stations are plotted on the same graph with the
seasonal mean temperatures. The extremes for Omaha,
Ellendale, and Dallas are considered representative, but
those above 5 km at Groesbeck and Broken Arrow are
deemed to be somewhat less so. The minima at Broken
Arrow are representative but the maxima are omitted
above 4 km.

Extreme temperatures for the other stations, generally
up to 5 km, are given in the tabular data.

The minimum pressure curves (fig. 23) were derived so
as to show a lower pressure at each given altitude than

* W. J. Humphreys, Physics of the Air, 2d edition, 1029, p. 77
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can reasonably be expected to actually exist.
be noted that the lower sea-level pressure does not neces-
sarily yield the lower pressure at high altitudes, since the

two theoretical curves intersect at about 5% km, and above

this level the lower pressure is shown by the curve cor-
responding to the higher surface pressure and lower surface
temperature.

CONCLUSION

Because of the fact that this publication is mainly
factual in scope, no attempt is made to generalize. Fur-
thermore, it 1s felt that it should be made clear that,

before any generalizations can be made, there must be .

records of 10 years or more in length from each station in
a network at least as dense, and preferably more so, than
the present one.

In the compilation of all the data presented herein
the aid of many individuals was involved. Particular
acknowledgement is due the cheerful help of Messrs. W.
B. Drawbaugh, A. D. Hustead, and Carl Russo. Especial
mention must also be made of L. P. Harrison for his
invaluable suggestions and criticisms. Practically every
member of the Aerological Division in the Central Office
participated in this work to some extent.
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TasLe 2.—Data for the 7 central stations
BROKEN ARROW, OKLA.
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TaBLe 2.—Data for the 7 central stations—Continued
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TasLe 2.—Data for the 7 central stations—Continued
ELLENDALE, N. DAK.
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TaBLE 2.—Data for the 7 central stations—Continued
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21_. - —60.3] —76.5 64 1.59 20
. - —~50,6; —76.8 48 1. 36 29
23.. - 39 1. 15 29
D S I IIPUI PRI PRSP 33 .97 20
2B eamccme e .- 28 .83 29
26. 24 W71 201
7 (S - 21 .62 29
28, 17 .50 20
WINTER | :
.
@
Extremes w3 Extremes i1
Alth B 2 52 I Al B 2 5z
. 3 B 2 .
E;Edl; Temper- | Pressure | 5 | Density g 28 (t;dg Tgltnuggr- Pressure | % | Density 3 gg
m, - E] G :ﬁ 8| o | B8 m, g E s ;| e
g S8 £ |22 g 2 | 8148 |49
I A |BlA|=|A |7 i 2 |5|8|5|A |~
°C. | °F. | mb |Inches P;Tt- kg/m| lbs.[ft.31°C.[100m|°C. °C, Inches kglmd| 1bs.[ft3|° C./100m °C, °Q, .
ce 33
8.8 aee- 1003. 4|« -e--- b (] I o711
8.1).cc.n 960.7}. 68/ 067 || 4. 7| —4.6|-207 626|---enc]| B[S SoITlITITTTD 0: ‘ég 23
7.8(-o--- 904 | 8. 888 .57 1
(i8] — 851 |- 50]- 761 .63 i
5.1 801 | 44/ 633 150
2.9-eu-- 763 |eeeen- 41f..... 484
|~
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TaBLE 2.—Data for the 7 ceniral stations—Continued
OMAHA, NEBR.

S — SPRING
Al . Extremes S8 . Estromes |51
tude | Te . o) 3 S5 || Alti- . 2 g%
(km(; aﬁget Pressure | & | Density 3 2% | tude | TemPOr | prossure | & | Density £ a5
® z P il s - 5 £l Gem) ature e 2 il g ° 5 £
=] =3 e, = - 7]
] & R RERR-B R ] s |5 1E| 8 |28
~ H < A E-N N NN = 3 |E|A|R|A |
L]
030 C. | °F. | mb |Inches Pert- kg/m? |lbs.[ft.3|°C./100m Inches| Per- | kg/m3|bs./ft3[° C.[100m| °C. °C.
300
1.216] 0.0758|..ooo.o-. .
1.101] 0744 0.30
1.121| .0700 .04
1.061| 0662 .32
1.005| .0627 .40
.953| .0595 .50}
.908| .0568 .58
.816| 0500 .64
.736| .0459 .60
.664| 0415 R
.503] . 0370 62
.530| 0331 64
471 L0204 68
.418] 0260 . 56)- BN DU AR
.366| .0228 T
3‘{-2 68.4lo78. 6] 28.00[ 78| 1.184| 0 om‘ _____________ 5.46 (O P — 16
261 70.90957.4) 28.271 69| 1.124| 0702 "+0.70 4.67 43| 16
19-3 72.11903 | 26.67| 55| 1.068} .o0661F 414 3.98 20(... 16
16-7 67.5/852 | 25.16] 53| 1.008| .0629 52 3.40 17].... e 16
13-7 62.1/303 | 23.71; 62 .961] .0600 60 2.89 04| - 14
3:4) so.1)757 | 22.35) 51| L9171 0672 06 2.45 +.08]..nv 11
3-9 49,8713 | 21.05) 51] .875] .0546 70 2.07 4. 28| 10
S 1 sreesl |1s.es e 704 0496 6 177 +.22|. .. 9
35 267069 | 16.51) 46l .721f L0450 .66 1.54 o 7
\14-2 15,4402 | 14.53| 43| .649] .0405 5 1.30 . 25|. .. 6
b8l _o.9js2 |12.76) 39 .582| .0363 53 1.12 +.26|-... - 4
\27-2 —6.2/378 | 11.16| 87 .523] .0327 67 .94 +.19].... 3
JSEh 3130 | Co.7al 36| .468| .0202 80, .80 N7 . 3
\40.1—29 4/287 | 8.48] 38| .418[ .0261 .89 .68 +.22.... 2
Z30-8—41.4i200 | 7.35) 84| .874] .0233 .67 .56 +.18) oo feen - 2
.6(—51.0{215 | 6.35 33| .331| .0207 58
N
AUTUMN
13'8 47,8(981, 3| 28.98( 81} 1.208| 0.0765| ... JROR I R I, 470 —56.2] 230] 7.06| 32| .372] .0232
11'.% 50.2(958.0( 28.32| 73| 1.176| .0734]  ~+0.65(--_-|- 470 —62.5{ 206 6.08] 31 .326{ .0204
10,3 523008 | 26.67) 69 1.103| .0089| .24|...|.... R 470 —65.4| 177] 6.23 .
o9 50.0/850 | 25.10| b54f 1.0¢3| .0651 I I I Y 468 —67.0| 152| 4.49
53l 46.61800 | 23.62 60| .983| .0B17 467 —68.3| 130| 3.84
3'3 42.4|753 | 22.24| 47| .939] .0586 465 —80.7) 112| 8.31
~3 9| 374708 | 2091 46| .892 .0G6T 403 —60.3| 97 2.86
oLl 241625 | 18.46] 44| .808 .0503 456 -00.3| 83) 2.45
Sl 4708 | 1627 421 .728) 045 442 —60.0| 72| 2.13
~239 2.1/1484 | 14.20] 40| .6A7| .0410 93 —61.2| 63 1.86
302 508424 | 12.62) 39| .01 .0369 18 ~57.3| 85 1.62
~37 g|72.11368 | 10.87| 87| .528 .0330 17 —53.7] 471 1.39
Jig 88671320 | "e.45| 35| .474] .0208 16 —40.7f 41] L.21
-8(—47.0/1277 | s.18] 33 .421] .0263 16 —50.1| 36| 1.06
S
\ WINTER
- Extremes Numb
u- umber
Altitude (km) Temperature Preasure niltid- Density . I}';It’ge Maxt Mini of otll)ser-
- ni- vations
\ y mum Date mum Date
0, N
55300 °C. °F, mb | Inches |Percent] kg/m® | lbe/ft. °C. °C. °C.
g -4,0] 248 983.4] 29.04 80 L2720 0.0704| ... . 432
1 -3.3 26.1 959.7] 28.34 76 1,238 -07738 -+0.35 P P P I, 432
b ~1.7] 28.9] 901 26. 61 66 1,165 .0721 +.32 35.9| July 13,1934 2229.7| Feb. 9,1933 432
2 —1.0] 302 846 24,98 57 1.082 . 0675 S 7Y F A, oo .- 430
e —19] 28.6| 794 23,46 52 1.019 . 0636 .18 27.9{ July 13,1934 =20.9| Feb. 9,1033 425
4., —4.1] 24,60 745 22.00 51 .964 . 0602 .44 . O I 421
57 —6.5|  20.3] 699 20. 64 50 .913 . 0570 .48 18.9| Sept. 6,1931 =30.8| Feb. 9,1933 417
8. -12.8 9.9| 613 18.10 48 .819 . 0511 .58 10.2| July 22,1934 7 A0emeemnn 400
? —18.7f -L7| 837 15.86 45 L1735 . 0459 .64 6.2| Sept. 8,1033 ~39,.5/ Jan. 30,1932 388
3 —25.6] —14.1} 470 13.88 43 . 662 . 0413 .69 —5.2| June 22,1933 —45.5| Feb, 9,1933 98
8 —32.4| —26.3| 400 12.08 41 . 5902 . 0370 .68 ~11.2[ July 13,1033 ~BL0)..... do..--.... 57
—38.8 —387.8( 354 10.45 40 . 527 .0329 .64]  —18.2{ June 22,1933 —51.9) Oct. 13,1009 55
—-44.6 —48,3| 308 9,04 39 . 467 . 0292 58] —23.0| July 13,1033 —55.2| Feb, 09,1911 55
—48.9| —56.0| 203 7.77 38 . 409 . 0255 .43]  —20.4| Aug. 10,1933 —~57.7| Oct. 30,1009 55
—~51.7] —61.1] 226 6.67 37 . 368 . 0222 28]  —35.0] July 13,1933 —62.1f.__.. A0uevnmann 85
—~53.0] —63.4] 104 5.73 36 .307 .0192 .13} —88.5| July 27,1083 —63.7| Feb, 28,1033 55
—53.2| -—63.8] 166 4,90 1] IO R .02 5
—53.6] —64.5| 142 410 34 .04 - 50
—54.5| —e6.1 121 3.57 33 .09 - 45
—56.8| —87.5| 104 3.07 33 .08 - A
~55.8] —67.5f 89 2.63 33 .00 2%
—55.2| —67.4] 76 2.24 33 +.01 5
—~54,7| ~66.8 65 1.92 33 +.05 1
~53.4| —64.1) 56 1.65 ] MUY SR - +.13 s
~53.0f ~63.4] 48 1.42 33 +.04
—52.5] —62.5 41 121 33 +.08 1
—62.4| —62:3| 86 1.08 7] D . +.01 1
~52.8] —62.1 o.88| 82l .oooC|Llolilll +.01 1
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TasLE 2.—Data for the 7 central stations—Continued

ROYAL CENTER, IND.
SPRING .
Extremes 53 Extremes 'o‘é
. b 8 Pr=1 Alti- By 8 E‘;
31135 Temper- | preseure | 5 Density 2 .8‘§ tude | Temper- | prosoure | = Density g
ature = @ . =] ) ature = 2 ) .
o E IR REIEAE 1S R g E |dlsla|2|#
= R |BJAIE|A | i LB AN-RERN-R
°C. | °F.| mb \Inches) Per; | kojm? lbe.[ft. | koim| . psfoctooml .| ec. .
cen .
3 - .1 0. 2/089.0} 20.21} 67| 1.213| 0.0757 0.0334 )
?4?%?.- 12. 8| 46.0/956.8| 28.25| 67( 1,184} .0739 0299 %7
5.3| 41.5{901 | 26.61 64} 1.125: .0702 g
.1 . !
.9 [}
.5 4
.0 3
. 4 i
. 1

YA Ve S WD 6D

.85
.58
I ;) E N
3| &3 714 52 SO S BN N 278
b
AU
TUMN -
2%
0.225..| 12.2| 54.0[991. 5| 29.28 4] 7.21 0,67 ST
Yoo 10.7 61.3(959, 5| 28.33 209 6.17 L61(27 -l 38
...... 8.4 47.1/904 | 26.70 179 6.29 44 -l U
14....] 6.3 43.3)851 | 26.13 153 4.52 .32|-0.. I 11
S 4.1{ 89.4|801 23.65 130| 8.84 P L] F [N RS 3
2140001 1.8| 36.2l754 | 2227 | a.28 S 71 N -
3 ~0.6| 30.9/702 | 20.94 94 2.78 7)o -
4. —5.8] 21.6(627 | 18.52 80| 2.3 Y - -
A —-11.5/ 113|653 | 16.33 78] 2.30 | D U OO p
6 eme —17.4) 0.70487 | 14.38 68 2.01 5 O SO N
SR —24.3|—11.7(427 12.61 59; 1.74 o) | DR P -
8. —31.4{—24.5[373 | 11. 04 51} 1.51 S 1 M I DO M
I —38.9|—38.0[325 | "9.60 450 1.33 +.05|-—-- -
10-.-— —46.6|—51.0[282 | 8.33
/ -
WINTER
Extremes Nuﬂ;w ;
. of .
Altitude (km) Temperature Pressure H“lgm Density I;x;rt):e Mo il obsﬂgﬂ
axi- o {0
oo Date mum Date t! !
T
°Q, °F. mb | Inches | Percent| kg/m® | tbsffts |°C.j100m| °C. °C.
0.225 —2.2{ ‘28.0 997 29.28 79 1.274]  0.0795 ! 3%
Fr —3.8] 25.5/ 0577 28 kel 1.237 L0772 0. 51 oif
1- —4,2 24. 4 899 286. 55| 68 1.164 . 0727 .12 30.6| Aug. 12,1918 —26.2| Jan, 5, 1924 909 .
15,0 -4,8]  23.4] 843 24.89 59 1.004 .0083 12 o
2, -6.11 210 791 23,36 54 1,031 . 0844 .28 23.4| Aug. b5,19018 —20.4| Jam. 5,1924 8
23477 -8.0| 17.6| 741 21,88 53 .978 . 06807 .38 - 238
3... -10.3 13.5 695 20. 52, 53 .921 0575 .46 15.8| Aug. 65,1918 —28.0] Deo. 27,1925 7
i -15.9 3.4 610 18,01 82 .826 . 05186 . 56| 8.9f Nov. 31623 —27.8| Mar. 7,1920 #
i —22.8| —0.0| 535 15.80 49 745 . 0465 .89 —.3| Sept. 1,1930 .1| Feb._ 10,1931 80
6 - —30.5] —22.9| 468 13.78 47 . 669 L0418 77 —4, 5| Sept. 11,1930 ] T T 2
7. —38.0] —36.4| 405 11.96 45 . 600 . 0375 .76 —10.8 do . .1 d0mme. .- g
8., —46.4] —51.5 349 10. 31 . . .84 —17.0 - —51.6] Feb, 11,1931 2
9" —b54.3] —66.7] 200 8.83 790 =241 —50.6| Feb. 10,1981 %
10-- —80.7| —77.3| 258 7.56 64| —-30.5 —62.9] Feb. 6,1931 4
1o —-62,7] —80.9| 218 6. 44 .20 —3.5 —66.7 Feb, 8,1031 18
120 ccceaee —61.1] —~78.0| 185 5.46 4168  —45.0 —67.11..... do..---- 18
i3.. —569.2] —74.6] 157 4,64 +.19 i
1400 ~50.4| —~74.9| 133 3.93 .02 ¢
15... ~60.2 —76.4 113 3.34 .08 8
16 —60.8{ —77.4] 96 2.83 .06 ¢
oo —-62.1] —79.8) 80 2.36 .13 3
T o —63,7] —82.7] 68 2,01 .16 . 1
9. ~66.4| ~87.5| 57 1.88 a7l 1
207 —67.41 —89.3 47 1.39 10 1
o —68.2] —90.8] 39 115 .08 !
2 —60.0] —02.2 32 .84 .08 I 8 !
5 , - —6o4f —020 25 o7 .04 . 1
g —60.7] —93.8] ~ 21 .62 .03 !
22-- ~70.1| —o42] 17 - 50 04 . 4
404 —70.5| ~9490 13 .88 .04 - 1
o —70.9| —95.6] 10 .30 .04 |~
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TaBLB 2.—Data for the 7 cental stations—Continued
SCOTT FIELD, ILL.

— SPRING
' Extremes Number
Altitude (km) Temperature Pressure H‘%fﬂd Density I;.%It)ge Maxi- Mini- o,,;;ﬁva_
v Date Date
mum mum tions
kgims | ibsjftd |°CJj100m| °C. °C.
1.229)  0.0767|wecmecee. " 88
1.170]  .0730|  -+0.44 - 88
1.109) . .0602 .82 88
1.053 . 0657 .48 - 88
. 989 . 0624 7 IS A, . 87
.9 0592 .48 - 86
809 . 0561 D71 AR SO MO I 86
812 . 0507 .61 8L
733 . 0468 .63 B PR DO 76
52| 13
D7) OSAN SARR MR S 12
.82 - 12
.- .81 12
.72 - 10
.42 - 8§
.................... .16 8
.03 6
.08 5
FE ] I RN NN R 4
+.22 1
SUMMER
20.5) 68.9] 999.0[ 20.50 89 1.176 0734 . 156
23.9] 7.0l 959.1] 28.32 65 1117 0007 40.93[cceeacaces - 156
22.1 7.8 906 28.75 63 1.062 06683 36 166
1.1l  66.4| 865 26.26 62 1.013 0832 80 166
16.0]  60.8] 807 23.83 61 . 968 . 0604 .62 165
12.9] 86.2] 761 22,47 58 .923 . 0578 .62 .. - 155
0.7 40.5) 717 21.17 56 .880 0549 .64 156
3.1, 87.6] 635 18.75 53| |, .709 0409 . 66| 155
-2,9] 2.8 562 16. 60 49 724 0462 .60 147
—9.2]  15.4) 494 14.59 34 .852) 0407 .63 . 7
~16.8 1.8 1| I e 6
—25.6] —14.1 | O IS N SN, 6
—83.6! =28, b|-cacccncferanncnc]oamanmnaiimniaai e e .80 - [
TR | PR I D .85 - - I I 5
—40.7] ~b7.5 JY I R = 4
BT | Y A NN FOOA MO IO U, Y71 A, 4
—58.0] —72.4 .20 3
—55.0 —67.0 +.30 - 1
—50.4| —88.7 +.48 1
3'51 AUTUMN
1 20.60 87 1.228]  0.0767 _ - 173
1 28,36 63 1.164 07271 40.82 Y 173
1% 26.70 60 1.102 0688 30|-- - 172
2 26,16 55 1.046 .0653 B O RN I R, 171
3 23.68 50 . 903 . 0620 .44 - 168
4 22,27 47 942 . 0588 .48 - 166
5 . 97 45 . 896 . 0569 62| 163
8. 18. 62 44 .808 . 0504 .57 162
7 16.33 40 . 730, 0456 154
EN 14.32 . 658 L0411 26
9. 12. 56 89 L5694 0371 24
10.98 39 . 537 0385, 23
9. 51 38 .482 0301 21
8.27 38 . 430 . 0208 20
7.09 37 378 0238 17
6.20 87 . 336 0210 14
5.29 87 10
4.64 37 10
4,02 ¢ ISR N, 10
3.48 37 7
2.98 37 H
2. 57 F Y 4 PN PR 4
2.24 37 3
1.08 3
1.68 3
1.48 3
1.30 . 2
1.18 07l e eaean. 2
WINTER
—2. 5| 27.5] 1,005.8] 29, 70| 1,293 [ S H N B FR [emmcmmmcmmmnnan 88
—1.8] 28.8] "960.0{ 28.35 69 1.231 o769  ~0.10|. T | e 88
-.8 30.6] 901 26. 61 59 1,151 0719 32,1} July 24,1034 ~20. 6 Feb. 18,1936 87
-0 80. 4 846 24. 98 52, 1.082: . 0875 1171 (P PRSI R VR S
~2.2)  28.0] 704 23.45 49 1.020 . 0637 .26 23,8/ July 20,1034 —17.9| Jan. 25,1905
~3.9| 26.0] 745 22.00 46 . 963 . 0601 .341._ .- _ 84
—~5.9| 24| 609 20, 64 44 .911 . 0569 .40 16.2{ Sept. 23, 1904 —20.5| Jan, 30,1036
—-10.8) 12.6| 614 18.13 43 .815 0509 .49 1L.5]-- Y T T 84
—16.8] 1.8] 539 15.92 42 .733 . 0468 .60 6.9(..__do. —29.8| Jan. 25,1905 74
-23.1 —0.6] 4711 13.91 36 . 656 . 0410 .63 1.2|-.--do_. —34.0! Jan, 26,1905 14
—30.8] —23.1) 410 12. 11 34 . 689! 68 .75 —b5.1|....do_.. —45.7}___do. ... 12
—38.8] —87.5| 356 10. 51 33 520 . 0330 80|  ~10.6.--- —56.8|-n 00 oo o 1
~45.2] —40.4| 307 9.07 32 470 0203 68f —17.0|....do. —55.6| Jan,  7,1930 10
—51.1] —60.0] 263 .77 31 .413 . 0258 .59)  ~27.4| Sept. 15, 10 —62,4]....00m ooceee 7
—56.4| —69.5| 226 6. 64 30 . 362 . 0226 ,63)  =83.2{.n..GOucccuo...| —63.4] Oct. 20,1907 6
~50.7| -—75.5] 192 5.67, 30| .314 . 0198 83|  —d4L8{ . _do_..._._. —62.8| May 14,1906 [
—58.4| —73.1] 184 4.84 30 +.13 6
—57.5| —71.5| 189 4.10 +.09 6
~58.4] ~73,1f 119 3.51 09 P &
—~59.8| —74.7] 102 3.01 .00 4
—50.8| —76.6] 87 2,57 .05 4
—59.8] —75.3f 74 2.10 .02 4
—59.0] ~—~74.2 1.89 .08 2
—51.5 ~71.5] &b 1.62 . 15| 3
—55.7] —68.3] 48 1.42 +.18] 1
—53.9]. —65.0| 42 1.2 +.18! - 1
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TasLr 3.—Daia for the 29 stations mostly having only kite and airplane observations

ATLANTA, GA.
SPRING

o]
b k-
g Extremes sg g Extremes 2
aw- | 2 e [E| B g2 A | B 8 2 3 5%
tude | g = . ] SE|l tude | g = 5 X ) gE
&m) | & g 5 %. ] Date g Date 53 km) | g % g 5 Date | Date Zé
gl & lnm A = = g & & 1 m A = = =2
°C.| mb | Per- (°C.f100m] °C. °C. °C. mb | Per- {°C.J100m| °C. °C,
cent cent [
12.3] 980.8/ 82| 02|l 2%4....} 52 753 &7 0.56 -l 2
13.3| 959.6] 78| -0.51 - 92 2.4/ 708 51 . l .- 9
12.9 66 92 || 4 —4.3] 625 46 67 92
10.7| 852 63 44 92 || boaeene ~11.8 B50| 44 73| . -
8.0] 801 61 54 - b
L
SUMMER -
il
21.5{ 981.3( 85 73 (| 224....] 1.7 60, 65 0.66.ceeen e
22.5| 961.6 78 +0.51 - 73 3% 8.4 718 63 - 3’&
21.8] 907 70 L14 73|} 4 1.8/ 633 59 .86 -l
18.5/ 856 70 .66 3| s —4.4]  B59) 49 .62 --
15.0| 806 70 70| 3
{ L
AUTUMN -
1
00| 123 sesol s ’ | 8l 3 o8l Tl 48] 048l e e 5
..... 13.0| 963.0| 82{ --0.38| - 84 (| 4 ~12| 627 44 .60
S 12.9] 908 73 .02 N 84 1l 5. C20 -8.1 552 3
1%4....] 11.3] 854 66 . 82fenee - 84 || 6. |oeeaen
2. . 9.4 803 59 D) I DU S N, 82 {7 ).
2%....| 7.2 756 53 44 - 81
) s
WINTER -
8
7.0 985.4 85 | 88| 3 1.2 707] 52 0.48| 13.8] June 7,1933 | —14.1| Feb. 51933 [ g7
7.7| 963.4f 81} +40.36] PO 88 (| 4.-.._. —4.5{ 623 48 .67 6.5 Aug. 2,1932 | —16.8) Feb. 65,1933 | g
g. 1 ggg ;lg +.04 29.9| July 20,1932 [ —17.6| Feb. 9,1933 gg 2 ...... ~1L.2] 547 44 67| 1.8 Aug. 3,1032 | —23.2| Mar. 4,193 °
. 1 I IR S . .- . .
5.9| 800 60 30| 19.7| July 20,1932 { —10.8| Feb. 9,1933 { 88 || 7. |- i oLl - - -
3.6| 752 56 46 - 87
| L~
AVALON, CALIF.
SUMMER -
9
0.034..[ 21.9{1,013.2 67] ---l 13 0.1 —40.2! July 30,1013 | —61. 5/ July 27,1913 ) 90
..... 10.5) 959.4] 68 0. 52 13 .38 ~60.8|-..._do._..___| —86.6] Aug. 2,1913| 9
S 20.3] 905 53}  4.160 30.0] Aug. 3,1913 ) 10.1 13 .00 —49.8]___"" do. oo —63.9)|..... do.-.----| B
3 38 .24 13 .00 X . 8
13 417 8
12 +. 20 7
12 +.24 [}
12 +.20 5
12 4..03 V)
12 +.10 3
1 +.21 1
u +.15) 1
1 +.17 1
1 +.17 i
11 ~+.03 1
1 +.01 3
ﬁ I.oa 1
.02 |
BARKSDALE FIELD,
SPRING
k(| I IR IS, R eeee] 01|} 2%.... 7.0
40,42 - 91 |} 3 4.3
57 P IR M SO T R, o1 (| 4 . __ -1.8
1 - - - 91l 5 —8.3
48 .52 90 || 6
ki
SUMMER
0.052..} 24.0]1,008.5| 86|......... - SO FUR. 781l 284, 13.7
_____ 25.6] 958.2] 64 F0.86(-ccemfemmmiceceememcfconmmefecmeiccaeaceec| T8 || Boaaol| 10.7
______ 22.71 906 66 .58 R - - 78|l 4 5.0
13....| 18,5 855 87 .84 (R - 78 || &. ~.9
P, 16.7| 807 62 .56l RSSO PApAS) HSRUu 77 |} 6
AUTUMN
.| 1s.8)1,012.8] 82| ..o 86 || 204....] 9.4
D081 ool "e60,4| e4| TG BA(IIIIIIITIIIIIIIIIIT " 86 A T T st Ao
7| 16.3] 905 62 g I MOV IR 86 || 4 18
134....1 14.1| 853 61 44 86 || & -39 s67| 41|  Ley|lIIIs
______ 11.7] 804 &8 -48' 86 |l 6 —8.9 U IR
WINTER
0.052.. 8.4[1,014.1 o126 .l 221 752l 30 0.96).ofieeeo
ol BB 969.5] 61 A0 47[ennan] e n e e e 61 3. 0.1 7071 37 420 13.9| June 17,1935
Yoo BB 208 Jau. "6, 10367| 61 || 422 ~51 624 33 53 79 Aug 81935
14....| 5.8 850 46 . 08! Ty 121686 - 61 g —11.3 550 32l .62 2.5 Aug. 9,1935
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TasLe 3.~—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TasLe 8.—Dala for the 29 stations mostly having only kite and airplane observations—Continued
CHEYENNE, WYO.

BPRING
o1
] =8 e
Extremes °© Ext &
P by xiremes
an | E | g 52 || Al % 2| % 53
tude | § = 2 R . 2 tude [ & g z X - ] g
(em) | g g & 5 Date g pate (Bl ®™ | & | 2 | B 2 4 Date 5 Date |24
gl &|m| 3 | = = z4 gl lmi A |2 g e
°c.| mb | Per-|°C.f100m| °C. °C. °C. | mb | Per-|°C.[100m| °C. sC.
cent
- 87 748 60 0.16 - S;
....... i P 703 58 . -- - -l g7
619 58 64 | g
_— - —— 544 54 68| aan e B
....... P -4 477 51 56
.
SUMMER
o™
1.873..0 14,1 8140 6Bl . 13| 2%6..| 66| 76| 48] 0.1 {gg
720N SN Y P e[ 3 3.6 713 46 . 60, | 183
/S - | 5.6 632 47 80 ]
114.... ceee |} Baceeen -~2.9 559 5 T Y DS MO AN
2.7 157878021 61l +1.34 T3 | I O I IVt I IR IO Il
i L~
AUTUMN
3.7| 812.5 63 181 || 244....| 6.9 73] 50| 0.18
e }| 8 4.1 708 48 .58
Tl e ~27| 62 47 .68
_______ - caee | Bil| ~0.8 551 48 .7
6.0| 8008 80| -+l81 - 181 || 6.0 | -
‘WINTER
o
1
1.873..] —3.4| 810.4f 62 121 750, 53] --0.14 R S U iﬁl
it FURON OO SN St DN O FRUR A 705 53 .88 21.6| July 12,1034 —20.2| Feb. 81936 [y
.- 6200 51 .62 12.6] July 15,1034| ~36.6|--.-- A0 cacemer 9
S IO N 544 49 68| 3.4 Aug. 4,1084] —dL0|.___ 40 meome- 1
Fi577 795, 4| Tuly 13,1034 | —34.7| Feb. 8,1036 | 121 475 55 1.00
Lo
CHICAGO, ILL.
SPRING
17
5.4 901.5) 78]. (RPN, IO IO, 1768 66 [V:11] S S, -==1 178
5.7 964.9) 72| +0.10i...___. - --| 1718 52 G4 Y IO M 71
4.6] 898 66| .22 S PREVR ORI 176 48 .60 .
3.1 844 62 1) (RPN P -- -] 176 44 “87
1.0 793 57 ) N AN SN A 175 =
6] 9917 82|aeccacceclomcaces
20.4) 956.8| 6] +0.81
19.7] 902 7 { ERS 1 M
16.8} 847 59 62
13.4| 798 71 —
9.4 904.4 82 e
0.8 058.1 72 ~-0.18|-.-_27C
9.1] 902 65 14
7.2} 848 59 38
5.4 798 &4 36
WINTER
-7 (R SO NN S AU, 174 785 50 0.38
77 (0] Y SRR oIl N 174 051 48 “50| 71478 Taune 7 1633
gg '83 2878 July 1,1081°| —32°7] ¥eb. 9, 1033 1;3 glO 48 2‘2 13‘13 %32: 2(7)’,11%%
o/ IS Y| TR e e i e R B &) oy 10| Aue 7%




51

TaBLB 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TasLE 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TaBLe 8.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TasLe 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TaBLE 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TaBLE 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
MURFREESBORO, TENN. (NASHVILLE)
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TaBLE 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
OKLAHOMA CITY, OKLA.
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TaBLE 3.~—Data for the 29 stations mostly having only kite and airplane observations—Continued
PEMBINA, N. DAK.—Continued
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TasLE 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
BAN ANTONIO, TEX. (KELLY FIELD)
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TasLe 3.—Data for the 29 stations mostly having only kite and airplane observations—Continued
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Tasus ‘3.—Dala for the 29 stations mostly having only kite and airplane observations—Continued
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TaBLe 3.~—Data for the 29 stations mostly having only kite and airplane observations—Continued
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TaBLE 4.—Data for the 16 staiions mosily having only a few sounding-balloon observations

AMARILLO, TEX,

CINCINNATI, OHIO

WINTER WINTER
Number Number
Altj Tem- Pres- | Humid- | Lapse Temper-~ Lapse:
tude (km) poratare | sure fty s oé ac;li)ggg- Altitude (km) atulr)e Prossure (Humidity] “oto seg &li)(;ns
°C(’) 6 18%”0 s Perce% °C/100m 3 "C!6 s %)5 2 Pcrceg% °C./100m 3
e RN ISR 83| 9649 70 |7 0.55 3
———- - 6.1 909 74 44 3
. 848.6 49 +0.29 3 5.3 854 58 .18 3
3.4 798 41 -+. 58 3 2.6 803 55 .64 3
2.9 748 37 .10 3 ~0.2 756 51 .58 3
.3 704 37 .52 3 -3.0 709 48 .66 3
-7.0 620 43 .73 3 —8.1 623 . 45 .61 3
—15.3 545 45 .83 3 -13.9 547 49 .58 3
—23.1 476 35 .78 3 —20.0 480 43 .61 3
—~30.9 414 32 .78 3 -27.1 418 40 .71 3
—37.4 389 30 .85 3 —35.4 363 42 .83 3
—45,1 310 31 T 3 —42.5 314 43 W71 3
—53.5 266 31 .84 1 —4% ; gé 2!; . gg g
—b52. : .
—56.8 201 42 .41 2
—59.8 172 42 .30 2
BLUE HILL,} MASS. (Milton) :g?'f %3; g +§g %
= U T -1
~__ | RING SUMMER —60.2 78. 42 .08 2
T— —59.1 67 42 +.11 1
~57.8 57 42 <416 1
Ay Tom- Num- . Num- —54.9 49 42 .27 1
(hg)de perg. | Pres-| Hu- | Lapse tl))ﬁ;e?'{ T:l’.ﬁ_' Pres-| Hu- | Lapse gg;e‘;f —52.0 42 + i
ture | sure [midity| rate va- gm‘e sure |midity| rate va-
tions tions COLUMBIA, MO.
SPRING WINTER
t)
...(.).._ Tem- ' Num- oy, Num-
Altitude ora- Pres-{ Hu- | Lapse | ber of ora- Pres-{ Hu- | Lapse | ber of
(km) lzm_e sure jmidity} rate |obser- I,zm_e sure |midity| rate |obser-
_______ ' vations vations
Per-~ Per-
mb | cent (°C.[100m °C. | mb | cent |°C.[100m
003. 4 2| —7.4]080.1 82 ... - 4
. 2| ~0.9|954.6 78 2 4
2 [—11.1 1804 80 24 4
2| —8.5 838 60| 4.5 4
......... 2 [~10:3 (786 56 .36 4
21—12.5 |787 62 .44 4
daolwoe | o| | 4
WINTER 2|—27.5 |s27 60 70 4
Slcaolse | | ca4| 3
0|5 7 ? T | 2| ) @
-3 ERLE X2 A R T R e ~B4. .36 3
—7.4 2 1 (~—56.9 252 55 .22 2
—~0.8 70 1 [—55.9 |215 51| .10 1
:ig-g gg i —~55.7 [185 531 .02 1
Cits 1 O ! -56.0 {159 56 08 1
1
CONCORDIA, KANS.
N WINTER
1 Th Tl ]
0’ g
g?gsl.l“mhit&g'a?hie Hill are the arithmetic means of the monthly mean temperatures 1 Temper- Lapse | Number
%:.N“mbe, Elven in the Harvard Annals, vol. LVILI, 1904, {ables XIX and XX, Altitude (km) ature | Tressure [Humidity) “or) sercg :&m
The & of Observag,
n ons for the entire period of 10 years, 1894-1003, is approximately
; Umber for each season at each level is not in th'e pubnshe'd daga. oc b P ¢ | oc.t00
8 m Percent . [100m
04180 - 7.1 969. 5 48 8
2 6.8 958. 4 49 0,37 3
1. 3.9 899 40 . 3
134, 110 843 40| 1,42 3
2. 13.3 702 39 -+. 46 3
24 12.3 743 40 .20 3
3 9.9 698 43 .48 3
4 1.1 614 53 .88 3
5. —5.9 838 49 .70 3
6 -12.5 470 50 .66 3
7 -~19.0 408 49 .85 ]
8 ~25. 4 354 49 .04 8
9. —-27. 308 48 .2 -1
10. —20.3 267 49 A7 1
1 ~81.4 232 48 21 1
12 —31.9 201 48 .05 1
Mo i I 8 L 1
Yoo III I :38: 1 131 48 +.04 1
16 —~30.4| 114 481 - .08 1
S 1. —30.9 98 N .3% ,i
18. ~30.8 85 8 +
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TasLe 4—Data for the 18 stations mostly having only a few sounding-balloon observations—Continued

DAVENPORT, IOWA LITTLE ROOK, ARK.
WINTEBR WINTER
. Numb#
Tempe- Lapse | Number Temper- Lapse ob .
Altitude (km) atvre Pressure (Humidity Tate . gﬁa s Altitude (km) ature Pressure | Humidity tate seg\lmﬁ"”s
3
0.178 - -5.7 - 996. 5 85 |mmaan 3| 0127 L1 1,004.2 (-3 PO— 8
% -7.7 955, 2 90 0.62 3 4. 1.1 061. 6 80 0.00 3
i g —0.7 895 82 .40 3 1 9.8 906 80 26 3
134 —11.9 840 77 .44 3 13, 7.9 852 79 3
o ~13.9 787 70 .40 3 2. v — e em————————— 5.6 802 78 48 3
214 ~16.8 739 68 .58 3 2% . —- 2.8 756 76 54 3.
3 —20.0 693 46 .64 3 3 0.4 708 74 48 t
4 —26.3 608 63 .63 L T T -~5.8 623 66 62 3
R . . —32.3 530 64 .60 3| 5.0 ~12.8 549 61 68 3
6 . ~39.6 460 61 .73 3 S .- ~17.8 482 48 .47 "8
P —47.6 400 59 .80 3 ———- ~22.8 421 49 .65 -3
a —~54.6 344 60 .70 21 8 ~29.8 365 49 .68 2
9__ —58.0 296 62 .34 2 | S ~36.6 316 47 70 2
10. —680.3 253 62 .23 2 10. ~43.4 273 45 3
11, ~55.9 +.44 1 11_. —48.8 235 45 54 3
12. =88.2 [ eammmmee +.27 1] 12 ~51.8 201 46 .30 =
13. —85,0 . .18 1 13. — ~52,8 172 44 10 2
14 —56.0 .10 1 L ~53.8 148 44 10 ]
16 —~56.6 .06 1 ) P ~-55.8 127 44 17 2
16. 8.5 {aemecacnc]ammmcaanan .19 1 16. .| ~57.56 109 44 1
: - S A i f
weme|  —56. .17
DENVER, COLO. 19 —54.3 69 44 +-.18 1
20 e eena e ~50.8 59 44 +.36 1
b2 P ~46,3 51 44 .45
SPRING WINTER !
. Num- Num- LOS ANGELES, CALIF,
Altitude T:‘.’g_ Pres-| Hu- | Lapse | ber of T&’g_’ Pres-| Hu- | Lapse | ber of '
(km) %ure sure |midity| rate |obser- lzure sure |midity| rate |obser- \
vations vations SPRING WINTER
/
Per- Per- Altl- | Tem- Num- . o1 0.
°C. | mb | cent [°C.f100m| . °C. | mb | cent {°C.f100m tnde | pers. | Eres- | Hu- | Lapse | ber of '53;?- Pres. | Hu- | Lapse ng“"
LO..... 106 (8325 86 [-ceooene 2| ~75 83| 1|l 4| (km) | ture | Sure |midity| rate |obser| Gy | sure midity| rate | jgost
1 ——-
134 - ieem
2.. ~1.2-{703.0 88 0.74 2 4 Per-
214 90 .58 2 4 °C. mb | cent |°C./[100m °C, mb
3 92 .60 2 4 1 6.0 [1,010.5
4 96 .61 2 4 1} 7.7 965
b, 98 .70 2 4 1) 65008
6 100 .72 2 4 1 2.8 | 854
7 100 .66 2 4 1 0.0 | 804
8 97 .71 2 4 11 —3.04 754
9 07 .70 2 3 1| —4.74708
1 87 .50 2 2 11 —0.4]623
1 96 2 2 1 1 (16,0 | 547
1 96 .08 2 1|—~25.6 | 478
1 95 +.07 P ISR SO JURLI AN S, 1|~—35.6 | 415 B4
1 95| .08 2 1]-—39,9 | 360
94 .00 2 N S el T PR NI SR, N —48.7 { 311
01| .03 | %% ISR NN (ORI EFRSCH (RO [y ETTE PEESUES PR (S R [, —b66.6 | 267 s
89 +.02 [ DO ORI RNV RO AU ;
4 . @
1 Only 1 observation for humidity. MOUNT WEATHER, VA Lo
INDIANAPOLIS, IND. —
SPRING BUMMER o
AUTUMN : e
Tem- . Num-f g per 0
Number Altitude " | Pres-| Hu- | Lapse |berof | ;o0 | Pres-| Hu- | Lapse
Altitude (km) Temper- | pragsure [Humidity] LADS | “orop” (em) | PO L'sure |midity] rafe | obser-] 298" | sure |midity, Tote °‘ﬁ§§
ature rate ture ture 8
servations vations :
. 4 / N
0212 °C1'g 6 'm% o8 Permrn% °C./100m oo mb Pert- oc Per- oom ‘ﬂ
212, ... 3 i1 2 TR, [} L cen ./100m C. | mb oC.1 ;
4. 15.8 062 63 0.97 6 10.7 {964.9 68 ..._I ..... 1 o .
1 L7 907 69 .82 O 7SRRI SRR SRR S
134 8.5 78 .64 6 7.8 1902, 0 0.681
2 5.3 803 €6 .84 [} 5.2 1848 64 52
215 4.0 52 .26 6 2.5 1799 59 64
3 2.8 719 38 .28 [} ~0.1)751 b2 52
4 —-4,2 827 32 .68 8 ~2.8 {705 49 b4
5 —10.5 552 31 .83 6 ~8.8 821  |....... 60
8 —18.7 484 28 .82 [} —16.6 {546 eemenno 87
7 —26.2 4268 28 .76 5 —22.1 W77 |CD0TTC 6
8 ~34.2 371 28 -80 5 B X N 62
. 322 28 W71 5
278 28 .65 & 4%
239 2 .39 5 ! Values are the arithmetic means of pressure and humidity for each standé®
%% % .%g z the temperatures were computed by the method of differences,
149 28 +4-.07 4
124 28 4. 06 2
108 28 . 2
90 28 +.01 2
76 28 .20 2
64 28 +.33 1
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TaBLE 4—Data for the 16 stations mostly having only a few sounding-balloon observations—Continued

MOUNT WEATHER, VA.—Continued ROSWELL, N, MEX,
AUTUMN WINTER WINTER
— SPRING
Altityge | Tem. Num- Num- Num- Num-
(km)(le pera. | Pres-| Hu- | Lapse [ ber-of T:;‘_' Pres-| Hu- | Lapse | berof Altitude T:;g_' Pres-| Hu- | Lapse | ber of ng_’ Pres-{ Hu- | Lapse ‘Pl;";e‘!’,f
ture | Sure |midity| ‘rate |obser- IZure sure |midity| rate |obser- (km) | B8 ) 'sure Imidity| ‘rate |obser-| RO 'sure |midity| rate oo
~ vations vations vations tions
o Q -] o
mb | Percent|°C./100m °C. | mb |Percent|°C./100m C. mb | Percent|®C./100m C. | mb |Percent|°C./100m
 [Fereent®C./100m 026 | g loiby |Percent|°C./100m 08 120 8812 | 60 |oeooene 2| o6lsear]| 82 2
71 0.85 | 4187 —2.1 [398.4 66 [ 0.27° |30 ;
= 0.8 |830.8 60 0.55 271 =10 (840.9 84 0.62 2
a1 o4 szl -3 8l w8 5.6 [701 et .se| 225 w8 sl 12| 2
61 izl 220 | 280 |7ad 5 ‘35 229 1.0 (743 65 .92 2| —5.9 [148 76 .68 2
63 52 | 158 | —s 4 loeo B 8 160 —2.8 (698 69 .78 2| —8.5 |702 71 52 2
89| 71|10 lels 8| sl Seales | oo | e aomdlm | | B 3
. - : —18, . —18, . 2
621 2i-8 58 o —26.8 (468 a7 | 84| 2|-247 lan | &3] 1
Lo3 i —36.4 |408 65 .96 2 {—32.2 [410 62 R 1
. —41,0 {352 61 .46 2 {-40.4 (355 62 .82 1
—44.2 1304 56 .82 2 [~48.8 (308 62 .84 1
Tl | @ | sIRapE | 8| Bl 1
- . ~59, .45 1
T aihe | Bl B GRIE | | B
- 1 . —65. .3 1
he— WINTER —54.0 (143 57 .31 1|—89.5 [139 57 u 1
~57.1 {122 57 .81 1]~73.2 |118 57 .37 1
Altit Temper Lapse | Number —ggg 1(8)3 g; .g% i
ude (km) ° | Pressure (Humidity| of ob- - .
ste gl | @)
—60.9 | 55 63 .02 1
°C. mb Percent 1°C.[100m
12.8 | 1,010.9 86 / ..... 4 BIOUX CITY, I0WA
10.4 954.1 85 0. 50 4 WINTER
elow)omogE) T
- - Temper- i Lapse T
7.8 797 61 .38 4 Pressure {Humidity of ob-
60| 750 49 136 1 Altitude (km) ature rate  |oorvations
3.4 705 45 .52 4
-3.1 622 37 .65 4 °C. mb Percent |°C.[100m
—0.2 8 28 .61 4.1 0361 —6.9 970, 9 [+ O 3
—15.9 481 25 .67 31y ~7.6 962.6 56 0. 50 3
—2L.9 421 .80 811 —10.7 203 57 .62 3
~30.6 367 24 .87 2 | 134 —9.3 845 59 +.28 3
—-386.9 318 .63 1y —9.0 703 59 +.08 3
44,8 276 27 .79 1| 214 —10.6 741 58 .32 3
~51.7 238 27 .69 113 ~12.8 604 58 .44 8
—57.9 203 27 .62 13 —17.8 607 50 .50 3
5 —24,3 532 50 .65 3
s = I ST (.
~ PITTSFIELD, MASS. 8 —47.2| 346 58 76 3
9 —54.6 206 56 .74 2
19 e B B :
BPRING SUMMER 11 - d
12. —58,6 185 54 +.08 1
] 2 = I ST .
14 ~59, . 1
Ter. Nut- | . Num | 15 —5.8| 13 B4 104 1
Dora. | Pres-| Hu- | Lapse | ber of borg- | Fres-| Hu- | Lapse iy | 16 —60.1 97 54 .03 1
ture | Sure {midity| rate |obser- t sure |midity| rate " 17 —-60,1 82 54 .00 1
vations] “1re va 18 -60.0 70 54 -+, 01 1
tions 19 -60.6 60 53 06 1
[ ——— '
o i VICKSBURG, MISS.
G | mb(Parcentioctoom| | °C. | mb |PercentoC.iso0m| INTIn,
4,2 '
L0 0801 2 0.002 9.3| 10080 82 |oroeernnoo 5
55 o+, 36 27188 0.60 1| % ¢8| o, 84 0.61 5
43 +. 08 2| 14.7 .72 1] 1 Y ggg gg -g g
23 .20 21 10.3 .88 1| D4 'R g +.
-3 .38 2! 7.1 .84 1] 2 23 7 4; i) .30 5
1 2] 1 Ik« SR S |
ZiLe ‘e g ‘% 1] 4 —52| 621 46 45 5
-1 -12 : 5. —1L.6 547 36 .64 5
-1 .55 1{~12.9 .64 1
& SIE SN S @ |owm) oel
:gg- 3 ‘62 1 . : 8 -3L3| 368 81 1 4
- 180 1 9_ —42.3 324 31 110 4
.7 lo4 1 10 ~51.0 273 31 .87 4
~— 11 —~58.0 233 31 .70 2
12 ~82.3 199 31 .43 2
13.. | =619 160 31 .04 2
4. —6L. 5 143 31 .04 2
15 —61.8 123 31 +.02 2
16 - —60.5 105 33 +.08 2
17. —59.2 80 86 +.18 2
\ TasLe §.—Theoretical minimum pressures
For surface tem ern- For surface tempera- For surface tem era- For surface tem ora-
\ fote of —12.2° ture of 10° C. or 60° F. tuge of ~12.2° ture of 10° C. ot 50° F.
8
- b Imlm mb Inches mb Inches mb Inches
982.1 20. 00 014.3 27, S a7 14.00 i }‘5 gg
923 27. 26 860 26,40 f| 6o cecemcaecccnncancncnancancam o 406 11,99 348 10,98
862 25,45 813 24,01 | 7. 342 10.10 848 33
803 2,71 764 22.56 || 8 z 285 8.4 28 580
746 22,03 717 AL 1T 9. 236 6. 9; o B3
601 20,41 673 10.87 || 10 108 2 ;8 29 %20
645 10,05 627 18.52 || 1 162 478 1 .
565 16.39 546 16.12 |f 12 134 - 4.22




